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FLOW DEVICE FOR AN EXHAUST SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of application Ser. No. 
12/640,757, filed Dec. 17, 2009, now U.S. Pat. No. 8,499,548, 
which claims the benefit of provisional application Ser. No. 
61/138,372, filed Dec. 17, 2008, which applications are 
hereby incorporated by reference in their entirety. 

BACKGROUND 

Vehicles equipped with diesel engines typically include 
exhaust systems that have aftertreatment components such as 
selective catalytic reduction catalyst devices, lean NOx cata 
lyst devices, or lean NOx trap devices to reduce the amount of 
undesirable gases, such as nitrogen oxides (NOx) in the 
exhaust. In order for these types of aftertreatment devices to 
work properly, a doser injects reactants, such as urea, ammo 
nia, or hydrocarbons, into the exhaust gas. As the exhaust gas 
and reactants flow through the aftertreatment device, the 
exhaust gas and reactants convert the undesirable gases. Such 
as NOX, into more acceptable gases, such as nitrogen and 
oxygen. However, the efficiency of the aftertreatment system 
depends upon how evenly the reactants are mixed with the 
exhaust gases. Therefore, there is a need for a flow device that 
provides a uniform mixture of exhaust gases and reactants. 

SUMMARY 

An aspect of the present disclosure relates to a flow device 
for an exhaust system. The flow device includes a body that 
includes a first axial end and an oppositely disposed second 
axial end. The body defines an inlet port disposed adjacent to 
the first axial end and an outlet port disposed adjacent to the 
secondaxial end. The body has a central longitudinal axis and 
defines an interior cavity. The interior cavity includes a tran 
sition space disposed adjacent to the second axial end. An 
exhaust outlet passage is disposed in the interior cavity. The 
exhaust outlet passage provides a path from the transition 
space to the outlet port. The exhaust outlet passage is gener 
ally aligned with the central longitudinal axis of the body. An 
exhaust inlet passage is disposed in the interior cavity. The 
exhaust inlet passage provides a path from the inlet port to the 
transition space and circumferentially Surrounds at least a 
portion of the exhaust outlet passage. A doser is disposed at 
the second axial end of the body. The doser is adapted to inject 
reductants into the interior cavity of the body so that the 
reductants are injected in the same general direction as the 
direction of flow of the exhaust gases through the exhaust 
outlet passage. A mixer is disposed in the interior cavity 
adjacent to the secondaxial end. The mixer is adapted to Swirl 
exhaust gases within the transition space about the central 
longitudinal axis of the body. 

Another aspect of the present disclosure relates to an 
exhaust treatment system. The exhaust treatment system 
includes a flow device. The flow device includes a body that 
defines an interior cavity and includes an outer wall defining 
a first axial end and an oppositely disposed second axial end. 
The body includes an inner wall disposed in the interior 
cavity. The inner wall extends from the first axial end toward 
the second axial end. The body defines an inlet port disposed 
adjacent to the first axial end and an outlet port disposed 
adjacent to the first axial end. An exhaust outlet passage is 
disposed in the interior cavity. The exhaust outlet passage is 
defined by an inner surface of the inner wall. An exhaust inlet 
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2 
passage is disposed in the interior cavity. The exhaust inlet 
passage is defined by an outer Surface of the inner wall and an 
inner Surface of the outer wall. The exhaust inlet passage 
circumferentially Surrounds at least a portion of the exhaust 
outlet passage. A first Substrate is disposed in the exhaust inlet 
passage. A doser for injecting reductants into exhaust gases in 
the body is engaged to the second axial end of the body. The 
doser is adapted to inject reductants into the interior cavity of 
the body so that the reductants are injected in the same general 
axial direction as the direction of flow of exhaust gases 
through the exhaust outlet passage. The exhaust treatment 
system further includes an aftertreatment device disposed 
downstream of the flow device. 
A variety of additional aspects will be set forth in the 

description that follows. These aspects can relate to indi 
vidual features and to combinations of features. It is to be 
understood that both the foregoing general description and 
the following detailed description are exemplary and 
explanatory only and are not restrictive of the broad concepts 
upon which the embodiments disclosed herein are based. 

DRAWINGS 

FIG. 1 is a schematic representation of an engine exhaust 
system having features that are examples of aspects in accor 
dance with the principles of the present disclosure. 

FIG. 2 is a schematic representation of a flow device suit 
able for use in the engine exhaust system of FIG. 1 and having 
features that are examples of aspects in accordance with the 
principles of the present disclosure. 
FIG.2a is a schematic representation of the flow device of 

FIG. 2 having first and second substrates. 
FIG.2b is a cross-sectional view of the flow device taken 

on line 2b-2b of FIG. 2a. 
FIG.3 is a cross-section of a substrate suitable foruse in the 

flow device of FIG. 2. 
FIG.3a is a close-up exploded view of the substrate of FIG. 

3. 
FIG. 4 is a schematic representation of an alternate 

embodiment of the flow device suitable for use in the engine 
exhaust system of FIG. 1. 

FIG. 5 is a schematic representation of an alternate 
embodiment of the flow device suitable for use in the engine 
exhaust system of FIG. 1. 

FIG. 6 is a schematic representation of an alternate 
embodiment of the flow device suitable for use in the engine 
exhaust system of FIG. 1. 

FIG. 7 is a schematic representation of an alternate 
embodiment of the flow device suitable for use in the engine 
exhaust system of FIG. 1. 

FIG. 8 is a schematic representation of an alternate 
embodiment of the flow device suitable for use in the engine 
exhaust system of FIG. 1. 

FIG. 9 is a perspective view of a flow deflector suitable for 
use in the flow device of FIG. 8. 

FIG. 9a is a perspective view of a mixer suitable for use in 
the flow device of FIG. 8. 

FIG. 10 is a schematic representation of an alternate 
embodiment of the flow device suitable for use in the engine 
exhaust system of FIG. 1. 

FIG. 11 is a cross-sectional view of a vent taken on line 
11-11 of FIG. 10. 

FIG. 12 is a perspective view of a mixer suitable for use in 
the flow device of FIG. 8. 

FIG. 13 is a side view of the mixer of FIG. 12. 
FIG. 14 is a perspective view of the mixer of FIG. 12. 
FIG.15 is an alternate embodiment of the mixer of FIG.12. 
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FIG. 16 is a schematic representation of an alternate 
embodiment of the flow device suitable for use in the engine 
exhaust system of FIG. 1. 

FIG. 17 is a schematic representation of an alternate 
embodiment of the flow device suitable for use in the engine 
exhaust system of FIG. 1. 

FIG. 18 is a schematic representation of an alternate 
embodiment of the flow device suitable for use in the engine 
exhaust system of FIG. 1. 

FIG. 19 is a schematic representation of an alternate 
embodiment of the flow device suitable for use in the engine 
exhaust system of FIG. 1. 

DETAILED DESCRIPTION 

Reference will now be made in detail to the exemplary 
aspects of the present disclosure that are illustrated in the 
accompanying drawings. Wherever possible, the same refer 
ence numbers will be used throughout the drawings to refer to 
the same or like structure. 

Referring now to FIG. 1, an engine exhaust system, gen 
erally designated 11, is shown. The engine exhaust system 11 
includes an engine 13, a fuel tank 15 for Supplying fuel (e.g., 
diesel fuel) to the engine 13, an air intake 17, an air filter 19, 
and an exhaust conduit 21 for conveying exhaust gas away 
from the engine 13. The engine exhaust system 11 also 
includes an exhaust treatment system, generally designated 
23, which is incommunication with the exhaust conduit 21. In 
the subject embodiment, the exhaust treatment system 23 
includes a doser 25, a flow device, generally designated 27 
and an aftertreatment device, generally designated 29. In the 
depicted embodiment of FIG. 1, the aftertreatment device 29 
is disposed downstream of the flow device 27. 
The aftertreatment device 29 preferably includes a struc 

ture such as a selective catalytic reduction (SCR) catalyst 
device, a lean NOx catalyst device, a lean NOx trap, or other 
device for removing pollutants from the exhaust stream. As 
these types of aftertreatment devices 29 are well known to 
those skilled in the art, the aftertreatment devices 29 will only 
be briefly described herein. In other embodiments, a catalytic 
converter, a diesel particulate filter, a flow-through filter or 
other type of aftertreatment device/substrate can be used as 
aftertreatment devices. In further embodiments, combina 
tions of the above identified aftertreatment devices can be 
used. 
A selective catalytic reduction (SCR) catalyst device is 

typically used in an exhaust system to remove undesirable 
gases Such as nitrogen oxides (NOx) from the vehicle's emis 
sions. SCR's are capable of converting NOx to nitrogen and 
oxygen in an oxygen rich environment with the assistance of 
reactants such as urea or ammonia, which are injected into the 
exhaust stream upstream of the SCR through the doser 25. 
A lean NOx catalyst device is also capable of converting 

NOx to nitrogen and oxygen. In contrast to SCR's, lean NOx 
catalysts use hydrocarbons as reducing agents/reactants for 
conversion of NOx to nitrogen and oxygen. The hydrocarbon 
is injected into the exhaust stream upstream of the lean NOx 
catalyst. At the lean NOx catalyst, the NOx reacts with the 
injected hydrocarbons with the assistance of a catalyst to 
reduce the NOx to nitrogen and oxygen. While the exhaust 
treatment system 23 will be described as including an SCR, it 
will be understood that the scope of the present disclosure is 
not limited to an SCR as there are various catalyst devices that 
can be used in accordance with the principles of the present 
disclosure. 
The lean NOx traps use a material such as barium oxide to 

absorb NOX during lean burn operating conditions. During 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
fuel rich operations, the NOx is desorbed and converted to 
nitrogen and oxygen by reaction with hydrocarbons in the 
presence of catalysts (precious metals) within the traps. 

Referring now to FIGS. 2, 2a and 2b, the flow device 27 is 
shown. The flow device 27 includes a body, generally desig 
nated 31, having an outer wall 33 including an exterior sur 
face 34, a first axial end 35 disposed on one end of the outer 
wall 33 and an oppositely disposed second axial end 37. The 
second axial end 37 includes an end cap 39. In the subject 
embodiment, the body 31 is generally cylindrical in shape and 
includes a central longitudinal axis 41. The first axial end 35 
can be enclosed by an end cap 38 having an inlet port 40 and 
an outlet port 42. Each of the inlet and outlet ports 40, 42 is 
disposed adjacent to the first axial end 35. In the embodiment 
of FIG. 2, the inlet port is a side inlet port. Alternatively, FIG. 
1 schematically shows an end cap 38 with an axial inlet port. 
The body 31 of the flow device 27 defines an interior cavity 

43 and includes an inner wall 45 disposed in the interior cavity 
43. In the subject embodiment, the inner wall 45 is generally 
cylindrical in shape and aligned with the central longitudinal 
axis 41 of the body 31. The inner wall 45 includes an outer 
surface 47 and an inner surface 49. 

In the subject embodiment, the inner wall 45 extends from 
the first axial end 35 of the body 31 toward the end cap 39 of 
the second axial end 37. In the depicted embodiment of FIG. 
2, the inner wall 45 extends at least partially to the end cap 39 
of the second axial end 37 such that a transition space 51 is 
disposed between the inner wall 45 and the end cap 39. The 
transition space 51 is disposed adjacent to the second axial 
end 37. 

In the subject embodiment, the inner wall 45 separates a 
portion of the interior cavity 43 into an exhaust inlet passage 
53 and an exhaust outlet passage 55. The exhaust inlet pas 
sage 53 is defined by an inner surface 57 of the outer wall 33 
of the body 31 and the outer surface 47 of the inner wall 45 
Such that the exhaust inlet passage 53 is the outermost pas 
sage. The exhaustinlet passage 53 is adapted to provide a path 
from the inlet port 40 to the transition space 51 for exhaust 
gases while the exhaust outlet passage 55 is adapted to pro 
vide a path from the transition space 51 to the outlet port 42. 

In the subject embodiment, the exhaust outlet passage 55 is 
defined by the inner surface 49 of the inner wall 45 such that 
the exhaust outlet passage 55 is the inner most passage. In the 
depicted embodiment, the exhaust inlet passage 53 and the 
exhaust outlet passage 55 are concentrically disposed in the 
body 31 such that at least a portion of the exhaust outlet 
passage 55 extends through at least a portion of the exhaust 
inlet passage 53. In the depicted embodiments of FIGS. 2, 2a 
and 2b, the exhaust outlet passage 55 is generally aligned with 
the central longitudinal axis 41 of the body 31. 
The body 31 includes a substrate 59 disposed in the exhaust 

inlet passage 53. In one embodiment, the filtration efficiency 
of the Substrate 59 is less than about 50%. As shown in FIGS. 
2, 2a and 2b, the substrate 59 is generally ring-shaped and 
adapted for insertion and retention in the exhaust inlet pas 
sage 53. The substrate 59 has an outer diameter d, that gen 
erally matches the diameter of the inner surface 57 of the 
outer wall 33 and an inner diameter d, that generally matches 
the diameter defined by the outer surface 47 of the inner wall 
45. 

In the depicted embodiment of FIG. 2a, the body 31 
includes a first substrate 59a and a second substrate 59b 
axially offset from the first substrate 59a. In one embodiment, 
the first substrate 59a is highly catalyzed while the second 
substrate 59b is lightly catalyzed or not catalyzed at all. 

In the depicted embodiment of FIGS. 2b, 3 and 3a, the 
Substrate 59 is a multi-stage filter arrangement. An exemplary 
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Substrate 59 Suitable for use in the flow device 27 is described 
in U.S. Pat. No. 7.340,888, which is hereby incorporated by 
reference in its entirety. The substrate 59 can have a fabric 
material (e.g., a metallic fabric fleece material, etc.) 60 sand 
wiched between layers of corrugated metallic foil 62. A cross 
section of this construction is shown in FIG.3 and a close-up 
exploded view is shown in FIG. 3a. 
The corrugated metallic foil 62 defines elongated passage 

ways 64 that are generally parallel to the net flow path of 
exhaust gases through the particulate reduction device. In 
operation, the exhaust gases enter through the exposed open 
ends of the passageways defined by the metallic foil. The 
metallic foil preferably contains mixing shovels 66 which 
direct the flow of the exhaust gases out of the passageways 
and into the fabric material 60. The fabric material 60 is a 
woven-type material constructed from metallic fibers which 
capture particles both by impingement and by blocking their 
flow. The particle-blocking properties of the fabric material 
60 are determined in part by the diameter of the metallic fibers 
used to construct the fabric. For example, metallic fibers of 20 
to 28 microns (millionths of a meter) and 35 to 45 microns 
have been found to work acceptably. As the exhaust gases 
flow out of the foil 62 and into the fabric material 60, signifi 
cant internal turbulence is induced. 

In the subject embodiment, the body 31 further includes the 
doser 25. In the subject embodiment, the doser 25 injects 
reductants (e.g., urea, ammonia, hydrocarbons) into exhaust 
gases in the flow device 27. In the depicted embodiment, the 
doser 25 is disposed in the end cap 39 of the body 31 and 
generally aligned with the central longitudinal axis 41 of the 
body 31 such that a nozzle/spray cone 68 of the doser 25 is 
adapted to direct reductants substantially into the exhaust 
outlet passage 55. In the subject embodiment, the reductants 
are injected by the doser 25 into exhaust gases in the interior 
cavity 43 of the flow device 27 in the same axial direction as 
the direction of flow of the exhaust gases. 

In the depicted embodiment of FIG. 2, the nozzle/spray 
cone 68 is generally co-axial with the central longitudinal 
axis 41. In other embodiments, the doser 25 may be offset 
from the central longitudinal axis 41 or multiple dosers 25 can 
be used. In a preferred embodiment, the nozzle/spray cone 68 
of the doser 25 is aimed at the center of the exhaust outlet 
passage 55. Thus, if the doser 25 is offset from the central 
longitudinal axis 41, it is preferably angled so as to spray 
reductants at the center of the exhaust outlet 55. 

Referring now to FIGS. 1 and 2, exhaust gases (shown as 
arrows in FIG. 2) flow into the exhaust inlet passage 53 from 
the exhaust conduit 21. In the exhaust inlet passage 53, the 
exhaust gases pass through the multi-stage filter 59 disposed 
in the exhaust inlet passage 53. At the second axial end 
portion 37 of the body 31 of the flow device 27, the exhaust 
gases flow through the transition space 51 between the end 
cap 39 and the inner wall 45 and enter the exhaust outlet 
passage 55. Within the transition space 51, the exhaust gases 
turn/reverse direction Such that exhaust gases in the exhaust 
inlet passage 53 flow in an opposite direction as compared to 
exhaust gases in the exhaust outlet passage 55. At the second 
axial end portion 37, the doser 25 injects reductants into the 
exhaust gases. 

It is advantageous for the temperature of the inner wall 45 
to be high in order to prevent or reduce the risk of reductants 
injected by the doser 25 from depositing on the inner surface 
49 of the inner wall 45. The flow device 27 of the subject 
embodiment is potentially advantageous as at least a portion 
of the exhaust outlet passage 55 is surrounded by at least a 
portion of the exhaust inlet passage 53. The positioning of the 
exhaust inlet passage 53 around the exhaust outlet passage 55 
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6 
maintains an elevated temperature of the inner wall 45. In 
another embodiment, the substrate 59 provides a layer of 
insulation Surrounding the exhaust outlet passage 55. 

Referring now to FIG. 4, an alternate embodiment of the 
flow device 27 is shown. In the depicted embodiment of FIG. 
4, a Substrate component Such as a mixer 61 is disposed in the 
exhaust outlet passage 55. In one embodiment, the mixer 61 is 
an in-pipe mixer. In another embodiment, the mixer 61 is a 
wire mesh mixer. In another embodiment, the mixer 61 is a 
spark arrester type mixer. The mixer 61 is adapted to mix the 
reductants injected into the exhaust outlet passage 55 by the 
doser 25 with the exhaust gases. The mixer 61 can also be 
adapted to provide a hot surface for Volatilizing reductants 
injected by the doser 25. 

Referring now to FIG. 5, an alternate embodiment of the 
flow device 27 is shown. In the depicted embodiment of FIG. 
5, the inner wall 45 includes a flange portion, generally des 
ignated 63, disposed at an end 65 of the inner wall 45. In one 
embodiment, the flange portion 63 of the inner wall 45 is 
adapted to prevent or reduce an amount of reductants dis 
pensed from the doser 25 from contacting the substrate 59. In 
another embodiment, the flange portion 63 is adapted to guide 
the reductants into the exhaust outlet passage 55. 
The flange portion 63 is engaged with the inner wall 45. In 

one embodiment, the flange portion 63 is integral with the 
inner wall 45. The flange portion 63 includes a first end 67 and 
a second end 69. In the subject embodiment, the first end 67 
is engaged with the end 65 of the inner wall 45. In the subject 
embodiment, the flange portion 63 is generally frusto-conical 
in shape. In the subject embodiment, the flange portion 63 
includes an inner diameter Ø of the first end 67 that is less 
than the inner diameter (), of the second end 69. The flange 
portion 63 defines an angle C. as measured between the central 
longitudinal axis 41 and the flange portion 63. In one embodi 
ment, the angle C. is greater than or equal to 15 degrees. In 
another embodiment, the angle C. is in the range of about 15 
degrees to about 75 degrees. 

Referring now to FIG. 6, an alternate embodiment of the 
flow device 27 is shown. In the depicted embodiment of FIG. 
6, an end cap 71 is engaged to the second axial end portion 37 
of the outer wall 33 of the body 31. In one embodiment, the 
end cap 71 is dome shaped. The end cap 71 includes a corner 
edge 73 defining a radius R. This radius R gives the corner 
edge 73 a rounded appearance. 

In the subject embodiment, the end cap 71 includes a 
central portion 75 that is generally flat. The central portion 75 
is generally perpendicular to the central longitudinal axis 41. 
The doser 25 is mounted to the central portion 75 of the end 
cap 71 such that the doser 25 is generally aligned with the 
central longitudinal axis 41. 

In the subject embodiment, the radius R of the corneredge 
73 of the end cap 71 is potentially advantageous as the corner 
edge 73 guides the exhaust gases from the exhaust inlet pas 
sage 53 to the doser 25. This guiding of the exhaust gases 
from the exhaust inlet passage 53 to the doser 25 potentially 
lowers or limits the pressure drop in the flow device 27 by 
reducing or eliminating dead volume in the end cap 71, where 
dead volume is a volume in which the exhaust gases don’t 
readily flow. Dead volume in the end cap 71 can decrease the 
efficiency of the flow device 27 since reductants from the 
doser 25 can collect in the dead volume and thereby never mix 
with the exhaust gases. 

Referring now to FIG. 7, an alternate embodiment of the 
flow device 27 is shown. In the depicted embodiment of FIG. 
7, the flow device 27 includes an end cap 77 that is engaged to 
the second axial end portion 37 of the outer wall 33 of the 
body 31. The end cap 77 includes an interior surface 79 
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having a peripheral edge 81 defining a radius R. The radius 
R functions similarly to the radius R described above. 
The end cap 77 includes an outer peripheral portion 83 and 

a central portion 85. In the subject embodiment, the doser 25 
is mounted to the central portion 85. In the subject embodi 
ment, the central portion 85 extends into the interior cavity 43 
of the body 31 of the flow device 27 such that the central 
portion 85 is offset from the outer peripheral portion 83 by a 
distance D in a direction toward the interior cavity 43. 

This offset of the central portion 85 from the outer periph 
eral portion 83 of the end cap 71 is potentially advantageous 
as the offset places the doser 25 closer to the exhaust outlet 
passage 55, which ensures that more reductant is sprayed into 
the exhaust outlet passage 55. The offset is potentially advan 
tageous as the offset guides the flow of exhaust gases from the 
exhaust inlet passage 53 to the exhaust outlet passage 55. As 
the exhaust gases are directed toward the exhaust outlet pas 
sage 55 and away from the doser 25, the offset of the central 
portion 85 reduces the risk of reductant deposits forming on a 
nozzle 87 of the doser 25. The radius R of the peripheral edge 
83 is potentially advantageous as the radius R can assist in 
efficiently turning the exhaust gases in the transition space 51 
while minimizing dead space and can help carry reductant 
into the exhaust outlet passage 55. 

Referring now to FIGS. 8 and 9, an alternate embodiment 
of the flow device 27 is shown. In the depicted embodiment of 
FIG. 8, a flow mixer 89 is engaged with the end 65 of the inner 
wall 45. The flow mixer 89 includes a plate 91 and a plurality 
of flow deflectors 93 that extend outwardly from the plate 91. 

Each of the flow deflectors 93 includes a flow inlet 95, an 
oppositely disposed flow outlet 97, a transition portion 99. 
and a passage 101 (shown as a dashed line in FIG. 9) that 
extends through the flow deflector 93 from the flow inlet 95 to 
the flow outlet 97. The flow deflector 93 has an angled orien 
tation such that the flow outlet 97 is oriented at an angle C. 
from the flow inlet 95. The flow deflectors 93 are arranged on 
the plate 91 such that the flow outlets 97 of the flow deflectors 
93 are directed in a first direction (e.g., a clockwise direction) 
about an axis of the flow mixer 89. In the subject embodiment, 
the axis of the mixer is generally aligned with the central 
longitudinal axis 41. 
As the exhaust gases pass through exhaust inlet passage 53 

of the flow device 27, the exhaust gases are redirected by the 
flow deflectors 93 of the flow mixer 89 Such that the exhaust 
gases circulate or Swirl about the central longitudinal axis 41 
of the body 31. The exhaust gases are redirected in accor 
dance with a flow redirection angle f (shown in FIG.9) that is 
measured from the direction of the flow passing through the 
exhaust inlet passage 53 of the flow device 27. The term “flow 
redirection angle' as used to describe the path of the exhaust 
gases through the flow device 27 will be understood as being 
measured in accordance with the reference symbol f as 
shown in FIG. 9. In one embodiment, the flow redirection 
angle B is in the range of about 45 degrees to about 135 
degrees, about 60 degrees to about 120 degrees, about 70 
degrees to about 110 degrees, or about 80 degrees to about 
100 degrees. In another embodiment, the flow redirection 
angle B is about 90 degrees. In another embodiment, the flow 
redirection angle B is less than or equal to about 135 degrees, 
less than or equal to about 120 degrees, less than or equal to 
about 110 degrees, less than or equal to about 100 degrees, 
less than or equal to about 90 degrees, less than or equal to 
about 80 degrees, less than or equal to about 70 degrees, less 
than or equal to about 60 degrees, or less than or equal to 
about 45 degrees. 

In the depicted embodiment of FIG.9a, the plate 91 defines 
a plurality of openings 106 that extend through the plate 91. 
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The plurality of openings 106 is not in direct communication 
with the flow deflection tubes 93. Rather, the plurality of 
openings 106 provides a direct path from the exhaust inlet 
passage 53 to the transition space 51. The plurality of open 
ings 106 is potentially advantageous as the plurality of open 
ings 106 may decrease pressure of the exhaust gases at the 
exhaust inlet passage side of the plate 91. 

Various flow mixers that would be suitable for use with the 
flow device 27 have been described in U.S. patent application 
Ser. No. 12/120,689, which was filed on May 15, 2008 and 
which is hereby incorporated by reference in its entirety. 

Referring now to FIGS. 10-14, an alternate embodiment of 
a flow mixer 103 for the flow device 27 is shown. In the 
subject embodiment, the flow mixer 103 includes a base plate 
105, which includes a first surface 106 and an oppositely 
disposed second surface 107, and a plurality of vents 108 that 
extend outwardly from the first surface 106 of the base plate 
105. 

In the depicted embodiments of FIGS. 12-14, the base plate 
105 includes a lip 109 disposed at an outer edge 110 of the 
base plate 105. The lip 109 includes an outer diameter that is 
adapted to be received in the inner surface 57 of the outer wall 
33 of the body 31. In one embodiment, the lip 109 is welded 
to the inner surface 57. In another embodiment, the inner 
Surface 57 is in a press-fit engagement with the inner Surface 
57. 

Each of the vents 108 includes a flow inlet 111 and a flow 
outlet 112. In the subject embodiment, the vents 108 are 
oriented on the base plate 105 such that the exhaust gases 
leaving the flow outlets 112 are generally directed in a first 
direction (e.g., a clockwise direction) about the central lon 
gitudinal axis 41. 

Each of the vents 108 includes a deflector surface 113 that 
directs the exhaust gases from the flow inlet 111 to the flow 
outlet 112. In the subject embodiment, a first end 114 of the 
deflector surface 113 is in connected engagement with the 
base plate 105. In one embodiment, the first end 114 is inte 
gral with the base plate 105. A second end 115 defines the 
flow outlet 111. 

In the depicted embodiment of FIG. 12, the deflector sur 
face 113 is generally cup-shaped so that the deflector surface 
113 extends outwardly from the first surface 106. As the 
deflector surface 113 is generally cup-shaped, the deflector 
Surface 113 has a generally concave shape at the second 
surface 107 and a generally convex shape at the first surface 
106. 

Referring now to FIG. 15, an alternate embodiment of the 
flow mixer 103 for the flow device 27 is shown. In the subject 
embodiment, the flow mixer 103 defines a plurality of open 
ings 116 that extend through the base plate 105 of the flow 
mixer 103. In the subject embodiment, the plurality of open 
ings 116 is arranged about the central longitudinal axis 41. In 
the depicted embodiment of FIG. 15, the plurality of openings 
116 is disposed between the vents 108 and an outer edge 110 
of the base plate 105. 

Referring now to FIG. 16, an alternate embodiment of the 
flow device 27 is shown. In the depicted embodiment, the 
flow device 27 includes a mixer 119. The mixer 119 receives 
exhaust gases from the exhaust inlet passage 53. In the 
depicted embodiment, the flow direction of the exhaust gases 
through the exhaust inlet passage 53 is axial. Within the mixer 
119, the exhaust gases are redirected such that the exhaust 
gases swirl about the central longitudinal axis 41 of the flow 
device 27. In one embodiment, the swirl of the exhaust gases 
is generally centrifugal. 

In one embodiment, the diameter of the inlet of the mixer 
119 is larger than the diameter of the outlet of the mixer 119. 
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This difference in diameters between the inlet and outlet of 
the mixer 119 creates a nozzle effect that generally increases 
the Swirling of the exhaust gases as the exhaust gases flow 
from the inlet to the outlet of the mixer 119. 
The doser 25 is adapted to inject reductants into the exhaust 

gases as the exhaust gases Swirl about the central longitudinal 
axis 41 of the flow device 27. The exhaust gases are routed to 
the outlet of the mixer 119. In the subject embodiment, the 
outlet of the mixer 119 is aligned with the exhaust outlet 
passage 55. 

Referring now to FIG. 17, an alternate embodiment of the 
flow device 27 is shown. The inner wall 45 extends from the 
first axial end portion 35 of the body 31 to the end cap 39, 
which is engaged with the second axial end portion 37 of the 
body 31. In the depicted embodiment, the end 65 of the inner 
wall 45 is engaged to the end cap 39. 

In the subject embodiment, an axial end portion 121 of the 
inner wall 45 defines a plurality of openings 123. Each of the 
plurality of openings 123 extends through the outer and inner 
surfaces 47, 49 of the inner wall 45 such that each of the 
openings 123 form a path through which the exhaust gases 
can pass from the exhaust inlet passage 53 to the exhaust 
outlet passage 55. The openings 123 are disposed along the 
axial end portion 121 of the inner wall 45 at a location 
between the end cap 39 and the substrate 59. 

In the subject embodiment, the doser 25, which is disposed 
on the end cap 39 and generally aligned with the central 
longitudinal axis 41, is circumferentially surrounded by the 
inner surface 49 of the inner wall 45. In this configuration, 
reductants are injected directly into the exhaust gases in the 
exhaust outlet passage 55. 

Referring now to FIG. 18, an alternate embodiment of the 
flow device 27 is shown. In the depicted embodiment, the 
inner wall 45 extends from the first axial end portion 35 of the 
body 31 to the end cap 39, which is engaged with the second 
axial end portion of the body 31. 

In the subject embodiment, an axial end portion 125 of the 
inner wall 45 defines a plurality of vents 127. Each of the 
vents 127 provides a pathway from the exhaust inlet passage 
53 to the exhaust outlet passage 55. In one embodiment, each 
of the vents 127 include a deflector surface 129 that redirects 
the exhaust gases from the exhaust inlet passage 53 Such that 
the exhaust gases generally Swirl about the central longitudi 
nal axis 41 in the exhaust outlet passage 55. In one embodi 
ment, the exhaust gases generally Swirl in a first direction 
(e.g., clockwise direction) about the central longitudinal axis 
41. 

In the subject embodiment, the doser 25, which is disposed 
on the end cap 39 and generally aligned with the central 
longitudinal axis 41, is circumferentially surrounded by the 
inner surface 49 of the inner wall 45. In this configuration, 
reductants are injected directly into the exhaust gases in the 
exhaust outlet passage 55. 

Referring now to FIG. 19, an alternate embodiment of the 
flow device 27 is shown. In the subject embodiment, the inner 
wall 45 extends from the first axial end portion 35 of the body 
31 toward the end cap 39 of the second axial end portion37. 
In the depicted embodiment, the inner wall 45 extends at least 
partially to the end cap 39 of the second axial end 37 such that 
a gap 131 is disposed between the end 65 of the inner wall 45 
and the end cap 39. In the subject embodiment, the gap 131 
allows exhaust gases to flow from the exhaust inlet passage 53 
to the exhaust outlet passage 55. The depicted embodiment is 
potentially advantageous as it may reduce deposits from 
forming on the doser 25. 
The inner wall 45 includes an axial end portion 133 dis 

posed adjacent to the end 65 of the inner wall 45. In the 
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subject embodiment, the axial end portion 133 defines a plu 
rality of openings 135 through which exhaust gases can pass 
from the exhaust inlet passage 53 to the exhaust outlet pas 
sage 55. 
The present disclosure has provided various features of a 

flow device 27. It will be understood that the scope of the 
present disclosure includes a flow device having any one of 
the features described herein or any combination of any of the 
features described herein. 

Various modifications and alterations of this disclosure 
will become apparent to those skilled in the art without 
departing from the scope and spirit of this disclosure, and it 
should be understood that the scope of this disclosure is not to 
be unduly limited to the illustrative embodiments set forth 
herein. 

What is claimed is: 
1. A method for mixing reductant in an exhaust stream 

using a mixing apparatus including a mixing tube defining a 
tube axis, the mixing apparatus also including a housing 
having a side wall that Surrounds the tube axis and an end wall 
that is transverse relative to the tube axis, wherein the end wall 
is a first end wall, wherein the housing includes a second end 
wall opposite from the first end wall, wherein the side wall 
extends between the first and second end walls, wherein the 
mixing tube is straight and extends between the first and 
second end walls, and wherein the exhaust from the mixing 
tube is outletted from the housing through the second end 
wall, the apparatus defining a chamber defined in part by the 
end wall and in part by the side wall, the mixing tube having 
a constant diameter and having an exhaust entrance end posi 
tioned at the chamber at a location offset from the end wall, 
the apparatus further including a dispenser for dispensing 
reductant into the chamber, the dispenser being mounted to 
the end wall of the housing and having a dispensing end offset 
from the exhaust entrance end of the mixing tube in a direc 
tion toward the end wall of the housing Such that an axial gap 
is defined within the chamber in an orientation along the tube 
axis between the dispensing end of the dispenser and the 
exhaust entrance end of the mixing tube, the reductant includ 
ing ammonia or urea, the method comprising: 

Supplying exhaust into the chamber; 
dispensing the reductant from the dispenser into the axial 

gap within the chamber; 
carrying the reductant with the exhaust from the axial gap 

into the exhaust entrance end of the mixing tube; and 
swirling exhaust flow about the tube axis within the mixing 

tube. 
2. The method of claim 1, wherein the reductant is dis 

pensed along the tube axis from the end wall toward the 
exhaust entrance end of the mixing tube. 

3. The method of claim 2, wherein the reductant is dis 
pensed along the tube axis by spraying the reductant along the 
tube axis in a direction extending from the end wall of the 
housing toward the exhaust entrance end of the mixing tube. 

4. The method of claim 1, further comprising swirling the 
exhaust within the chamber before the exhaust enters the 
mixing tube. 

5. The method of claim 4, wherein the exhaust is swirled 
about the tube axis within the chamber. 

6. The method of claim 1, wherein the exhaust flows in a 
first general direction along the tube axis when entering the 
chamber and flows in a second general direction when exiting 
the chamber through the mixing tube, the first general direc 
tion being opposite from the second general direction. 

7. The method of claim 1, wherein the exhaust is swirled as 
the exhaust enters the chamber. 
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8. The method of claim 1, wherein the exhaust is swirled by 
a Swirl structure that Surrounds the mixing tube. 

9. The method of claim 8, wherein the swirl structure 
includes a plate defining a plurality of openings and flow 
deflection Surfaces corresponding to the openings. 

10. The method of claim 9, wherein the deflection surfaces 
include Scoops. 

11. The method of claim 8, wherein the Swirl structure is 
provided at an inlet of the chamber. 

12. The method of claim 8, wherein the swirl structure 
includes a plurality of flow deflection surfaces. 

13. The method of claim 1, wherein the exhaust flows along 
an exterior of the mixing tube prior to entering the chamber. 

14. The method of claim 1, wherein the exhaust flows 
through an annular space that Surrounds the mixing tube prior 
to entering the chamber. 

15. The method of claim 14, wherein the exhaust flows 
through a swirl structure provided at an interface between the 
annular space and the chamber. 

16. The method of claim 1, wherein a plurality of flow 
deflectors are positioned circumferentially about the tube axis 
and are configured for Swirling exhaust flow within the cham 
ber about the tube axis. 

17. A method for mixing reductant in an exhaust stream 
using a mixing apparatus including a mixing tube defining a 
tube axis, the mixing apparatus also including a housing 
having a main body defining a side wall that Surrounds the 
tube axis, the main body also including oppositely positioned 
first and second end walls between which the side wall 
extends, the first and second end walls being spaced-apart 
from one another along the tube axis, the housing having an 
inlet and an outlet, the inlet including an inlet pipe, the outlet 
extending along the tube axis outwardly from the second end 
wall, the mixing tube having an end positioned adjacent to 
and spaced from the first end wall, the apparatus further 
including a dispenser for dispensing reductant into the main 
body of the housing in a direction toward the end of the 
mixing tube, the dispenser being mounted to the first end wall 
of the housing and having a dispensing end that is outside of 
an interior of the mixing tube, the reductant including urea or 
ammonia, the method comprising: 

Supplying exhaust into the main body of the housing 
through the inlet pipe; 

directing at least some of the exhaust to a region within the 
main body that is between the dispensing end of the 
dispenser and the end of the mixing tube; 

dispensing the reductant from the dispenser into the region, 
the reductant being dispensed in a direction from the first 
end wall toward the end of the mixing tube: 

passing the exhaust from the region into the end of the 
mixing tube; 

swirling the exhaust within the mixing tube to mix the 
dispensed reductant with the exhaust; and 

passing the exhaust including the reductant through the 
outlet; and wherein the exhaust flows along an exterior 
of the mixing tube prior to entering the region. 

18. The method of claim 17, further comprising swirling 
the exhaust within the region before the exhaust enters the 
mixing tube. 

19. The method of claim 17, wherein the exhaust reverses 
axial flow directions within the region. 

20. The method of claim 19, wherein the exhaust is swirled 
within the region by a swirl structure that surrounds the mix 
ing tube. 

21. The method of claim 20, wherein the swirl structure 
includes a plate defining a plurality of openings and flow 
deflection Surfaces corresponding to the openings. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
22. The method of claim 21, wherein the deflection Sur 

faces include Scoops. 
23. The method of claim 20, wherein the swirl structure 

includes a plurality of flow deflection surfaces. 
24. The method of claim 20, wherein the exhaust flows 

through an annular space that Surrounds the mixing tube prior 
to being Swirled at the region. 

25. The method of claim 17, wherein the exhaust flows 
through an annular space that Surrounds the mixing tube prior 
to entering the region. 

26. The method of claim 17, wherein a plurality of flow 
deflectors are positioned circumferentially about the tube axis 
and are configured for swirling exhaust flow about the tube 
axis prior to the exhaust entering the mixing tube, the exhaust 
being swirled by the flow deflectors at a location within the 
housing adjacent to the first end wall of the main body of the 
housing. 

27. A method for mixing reductant in an exhaust stream 
using a mixing apparatus including a mixing tube defining a 
tube axis, the mixing apparatus also including a housing 
having a main body defining a side wall that Surrounds the 
tube axis, the main body also including oppositely positioned 
first and second end walls between which the side wall 
extends, the first and second end walls being spaced-apart 
from one another along the tube axis, the housing having an 
inlet and an outlet, the inlet including an inlet pipe, the outlet 
extending along the tube axis outwardly from the second end 
wall, the mixing tube having an end positioned adjacent to 
and spaced from the first end wall, the apparatus further 
including a dispenser for dispensing reductant into the main 
body of the housing from the first end wall toward the end of 
the mixing tube, the dispenser being mounted to the first end 
wall of the housing, the method comprising: 

Supplying exhaust into the main body of the housing 
through the inlet pipe; 

directing the exhaust from the inlet through an annular 
space defined between an exterior of the mixing tube and 
the side wall; 

directing the exhaust from the annular space in a first 
general axial direction through a Swirl structure and into 
a region within the main housing that is adjacent to the 
first end wall, wherein the exhaust Swirls within the 
region; 

dispensing the reductant from the dispenser into the region, 
the reductant being dispensed in a direction from the first 
end wall toward the end of the mixing tube: 

passing the exhaust from the region into the end of the 
mixing tube; 

continuing Swirling of the exhaust within the mixing tube 
to mix the dispensed reductant with the exhaust, wherein 
the exhaust flows in a second general axial direction 
within the mixing tube, the first and second general axial 
directions being opposite with respect to each other; and 

passing the exhaust including the reductant through the 
outlet. 

28. The method of claim 27, wherein the swirl structure 
Surrounds an exterior of the mixing tube. 

29. The method of claim 28, wherein the swirl structure 
includes a plate defining a plurality of openings and flow 
deflection Surfaces corresponding to the openings. 

30. The method of claim 29, wherein the deflection Sur 
faces include Scoops. 

31. The method of claim 28, wherein the swirl structure 
includes a plurality of flow deflection surfaces. 

32. A method for mixing reductant in an exhaust stream 
using a mixing apparatus including a mixing tube defining a 
tube axis, the mixing apparatus also including a housing 
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having a side wall that surrounds the tube axis and an end wall 
that is transverse relative to the tube axis, the apparatus defin 
ing a chamber defined in part by the end walland in part by the 
side wall, the mixing tube having a constant diameter and 
having an exhaust entrance end positioned at the chamber at 
a location offset from the end wall, the apparatus further 
including a dispenser for dispensing reductant into the cham 
ber, the dispenser being mounted to the end wall of the hous 
ing and having a dispensing end offset from the exhaust 
entrance end of the mixing tube in a direction toward the end 
wall of the housing such that an axial gap is defined within the 
chamber in an orientation along the tube axis between the 
dispensing end of the dispenser and the exhaust entrance end 
of the mixing tube, the reductant including ammonia or urea, 
the method comprising: 

Supplying exhaust into the chamber; 
dispensing the reductant from the dispenser into the axial 

gap within the chamber; 
carrying the reductant with the exhaust from the axial gap 

into the exhaust entrance end of the mixing tube; and 
Swirling exhaust flow about the tube axis within the mixing 

tube, wherein the exhaust flows in a first general direc 
tion along the tube axis when entering the chamber and 
flows in a second general direction when exiting the 
chamber through the mixing tube, the first general direc 
tion being opposite from the second general direction. 

33. A method for mixing reductant in an exhaust stream 
using a mixing apparatus including a mixing tube defining a 
tube axis, the mixing apparatus also including a housing 
having a side wall that surrounds the tube axis and an end wall 
that is transverse relative to the tube axis, the apparatus defin 
ing a chamber defined in part by the end wall and in part by the 
side wall, the mixing tube having a constant diameter and 
having an exhaust entrance end positioned at the chamber at 
a location offset from the end wall, the apparatus further 
including a dispenser for dispensing reductant into the cham 
ber, the dispenser being mounted to the end wall of the hous 
ing and having a dispensing end offset from the exhaust 
entrance end of the mixing tube in a direction toward the end 
wall of the housing such that an axial gap is defined within the 
chamber in an orientation along the tube axis between the 
dispensing end of the dispenser and the exhaust entrance end 
of the mixing tube, the reductant including ammonia or urea, 
the method comprising: 

Supplying exhaust into the chamber; 
dispensing the reductant from the dispenser into the axial 

gap within the chamber; 
carrying the reductant with the exhaust from the axial gap 

into the exhaust entrance end of the mixing tube; and 
Swirling exhaust flow about the tube axis within the mixing 

tube using a Swirl structure that surrounds the mixing 
tube, the swirl structure including a plate defining a 
plurality of openings and flow deflection surfaces corre 
sponding to the openings. 

34. The method of claim 33, wherein the deflection sur 
faces include-scoops. 
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35. A method for mixing reductant in an exhaust stream 

using a mixing apparatus including a mixing tube defining a 
tube axis, the mixing apparatus also including a housing 
having a side wall that surrounds the tube axis and an end wall 
that is transverse relative to the tube axis, the apparatus defin 
ing a chamber defined in part by the end walland in part by the 
side wall, the mixing tube having a constant diameter and 
having an exhaust entrance end positioned at the chamber at 
a location offset from the end wall, the apparatus further 
including a dispenser for dispensing reductant into the cham 
ber, the dispenser being mounted to the end wall of the hous 
ing and having a dispensing end offset from the exhaust 
entrance end of the mixing tube in a direction toward the end 
wall of the housing such that an axial gap is defined within the 
chamber in an orientation along the tube axis between the 
dispensing end of the dispenser and the exhaust entrance end 
of the mixing tube, the reductant including ammonia or urea, 
the method comprising: 

Supplying exhaust into the chamber, wherein the exhaust 
flows along an exterior of the mixing tube prior to enter 
ing the chamber; 

dispensing the reductant from the dispenser into the axial 
gap within the chamber; 

carrying the reductant with the exhaust from the axial gap 
into the exhaust entrance end of the mixing tube; and 

swirling exhaust flow about the tube axis within the mixing 
tube. 

36. A method for mixing reductant in an exhaust stream 
using a mixing apparatus including a mixing tube defining a 
tube axis, the mixing apparatus also including a housing 
having a side wall that surrounds the tube axis and an end wall 
that is transverse relative to the tube axis, the apparatus defin 
ing a chamber defined in part by the end walland in part by the 
side wall, the mixing tube having a constant diameter and 
having an exhaust entrance end positioned at the chamber at 
a location offset from the end wall, the apparatus further 
including a dispenser for dispensing reductant into the cham 
ber, the dispenser being mounted to the end wall of the hous 
ing and having a dispensing end offset from the exhaust 
entrance end of the mixing tube in a direction toward the end 
wall of the housing such that an axial gap is defined within the 
chamber in an orientation along the tube axis between the 
dispensing end of the dispenser and the exhaust entrance end 
of the mixing tube, the reductant including ammonia or urea, 
the method comprising: 

Supplying exhaust into the chamber, wherein the exhaust 
flows through an annular space that surrounds the mix 
ing tube prior to entering the chamber; 

dispensing the reductant from the dispenser into the axial 
gap within the chamber; 

carrying the reductant with the exhaust from the axial gap 
into the exhaust entrance end of the mixing tube; and 

Swirling exhaust flow about the tube axis within the mixing 
tube. 


